Polymorphism (variable number of tandem repeats) in the second intron of the interleukin-1 receptor antagonist (IL-1Ra) gene and two single nucleotide polymorphisms at positions -511 and +3954 of the IL-1β gene may be associated with an increased risk of rheumatoid arthritis (RA). This study used sex stratification to investigate a correlation of the three genetic polymorphisms with the risk of RA, on patients with RA and healthy controls. Polymerase chain reaction (PCR) and polymerase chain reaction-restriction fragment length polymorphism (PCR-RFLP) were performed. The frequencies of the IL-1β+3954 allele and genotype in female patients were significantly different compared with the controls; but in males, only the frequency of the IL-1β+3954 allele was different. The frequency of the IL-1RN genotype in patients was not statistically different compared with the controls; however, the frequency of IL-1RN allele in female patients was different. The association of the three polymorphisms with the susceptibility to RA appears to be significantly affected by gender. KEY WORDS: INTERLEUKIN-1BETA; INTERLEUKIN-1 RECEPTOR ANTAGONIST; RHEUMATOID ARTHRITIS; GENDER C-G You, Y-S Yin, X-D Xie et al. Gender, IL-1β and IL-1RN genotypes and rheumatoid arthritis Conflicts of interest No conflicts of interest were declared in relation to this article. 327 C-G You, Y-S Yin, X-D Xie et al. Gender, IL-1β and IL-1RN genotypes and rheumatoid arthritis •
Introduction
Rheumatoid arthritis (RA) is a chronic systemic inflammatory disorder that affects approximately 1% of the population in a 3:1 ratio (females:males). 1 It is also a complex multifactorial disease in which genetic susceptibility affects disease occurrence and severity. 2 A previous study suggested that a polymorphism (variable number of tandem repeats, VNTR) in the second intron of the interleukin-1 receptor antagonist (IL-1Ra) gene and two single nucleotide polymorphisms (SNPs) at positions -511 and +3954 of the IL-1β gene are associated with increased risk of chronic inflammatory diseases, autoimmune diseases and gastric cancer. 3 However, most subsequent studies have shown that these three genetic polymorphisms are not significantly associated with the occurrence and severity of RA. 4 -6 In contrast, a few reports have indicated that IL-1RN2 is relevant to the susceptibility to RA, 7, 8 and that IL-1β+3954T is linked to the severity of RA. 9 Although several studies have clearly indicated that gender differences should be considered when investigating the genetic polymorphisms associated with RA susceptibility, 10,11 the above-mentioned research appears to have overlooked this fact. Therefore, the present study has attempted to use sex stratification to investigate the association of the three polymorphisms with the increased risk for RA in the Chinese population.
Patients and methods

PATIENTS
Blood samples were collected from inpatients with RA at the Second Hospital of Lanzhou University, China. All RA patients were diagnosed according to the revised criteria for the classification of RA by the American Rheumatism Association in 1987. 12 The controls were ethnically matched healthy people obtained from the check-up population in the hospital. The families of the controls did not have any history of RA. All subjects gave informed consent.
POLYMERASE CHAIN REACTION (PCR) AND RESTRICTION FRAGMENT LENGTH POLYMORPHISM (RFLP)
The blood samples were anti-coagulated with ethylenediaminetetraacetic acid (EDTA). Genomic DNA was extracted using a standard protocol performed by proteinase K digestion and phenol/chloroform extraction. 3 Detailed information about the PCR amplification and restriction enzyme digestion is shown in Table 1 . The PCR products of IL-1β-511 and IL-1β+3954 were digested by their restriction endonuclease, respectively, and then genotyped as follows: 
STATISTICAL ANALYSIS
The Hardy-Weinberg equilibrium test was performed, and allele and genotype frequencies were obtained using the SHEsis software. 14 Analysis included the chi-squared test and Fisher's exact test. All P-values were two-tailed and a P-value < 0.05 was considered to be statistically significant.
Results
A total of 198 in-patients with RA (125 females and 73 males) were investigated. The ages ranged from 20 to 65 years (mean ± SE: 35 ± 12 years) and the disease had been present for between 2 and 7 years. There were 158 controls (age range: 20 -55 years; mean ± SE: 29 ± 10 years), including 83 females and 75 males.
Distributions of the IL-1 alleles and genotypes in the patients and controls, stratified according to sex, are summarized in Table 2 . The distributions of the three polymorphisms (IL-1β-511, IL-1β+3954 and IL-1RN) agree well with the distributions expected under the Hardy-Weinberg equilibrium for both population groups (data not shown).
There was no difference in the frequencies of the IL-1β-511 allele and genotype in the patients and the controls. The frequencies of the IL-1β+3954 allele and genotype in female patients were significantly higher than the controls (P = 0.002, P = 0.0005); Gender, IL-1β and IL-1RN genotypes and rheumatoid arthritis however in males, only the frequency of the IL-1β+3954 allele was statistically different when compared with the controls (P = 0.03). There was no difference in the frequency of the IL-1RN genotype in the patients compared with the controls; however, the frequency of the IL-1RN allele in female patients only, was significantly higher than the controls (P = 0.03).
Discussion
This study has investigated the distributions of IL-1β-511, IL-1β+3954 and IL-1RN polymorphisms in 198 patients with RA and 158 controls. Unlike some previous reports, the subjects were stratified according to sex in the data analysis, and the results demonstrated the influence of gender on penetrance of the IL-1β and IL-1RN genotypes for RA in the Chinese population.
A Taiwanese paper reported that there was no statistical difference between the IL-1 gene cluster polymorphisms of IL-1β-511, IL-1β+3954 and IL-1RN between RA patients and controls, 15 whereas the present study found a difference in the frequencies of the
IL-1RN 86 base pairs VNTR:
Primers: F: 5´-CCC CTC AGC AAC ACT CC-3´; R: 5´-GGT CAG AAG GGC AGA GA-3Ṕ CR conditions: 95°C for 2 min;
(94°C for 1 min, 59°C for 1 min, and 70°C for 1 min) × 35 cycles 72°C for 5 min 2% agarose gel electrophoresis
IL-1β-511C/T: (PCR-RFLP)
Primers: F: 5´-GCC TGA ACC CTG CAT ACC GT 
IL-1β+3954 C/T: (PCR-RFLP)
Primers: F: 5´-GTT GTC ATC AGA CTT TGA CC-3Ŕ : 5´-TTC AGT TCA TAT GGA CCA GA-3Ṕ CR conditions: (95°C for 2 min, 55°C for 1.5 min, 74°C for 1 min) × 3 cycles (94°C for 1 min, 55°C for 1 min, 74°C for 1 min) × 32 cycles 72°C for 10 min Restriction enzyme digestion: Restiction enzyme TaqI (MBI Fermentas, Lithuania), at 65°C for 16 h 2.5% agarose gel electrophoresis VNTR, variable number of tandem repeats; PCR, polymerase chain reaction; RFLP, restriction fragment length polymorphism. IL-1β-511, IL-1β+3954 and IL-1RN genes  Gender, IL-1β and IL-1RN genotypes and -1RN , which is consistent with previous reports. 10, 11 The difference results mainly from sex hormones; consequently, the distinct expression of these genes in males and females may result from sex hormones. Several reports have shown that oestrogens seem to play an important role as modulators of RA onset/ perpetuation. 16, 17 Androgens and oestrogens may stimulate the production of inflammatory cytokines in the synovial fluid, which may return to influence sex hormone levels by modifying sex hormone metabolism. 18 These reports conclude that sex hormones can influence gene expression. Some studies have indicated that the T mutation of IL-1β+3954 can increase the severity of joint destruction in RA, and that it is associated with an imbalance in IL-1Ra production; 6, 9, 19, 20 therefore, it may be possible to develop this as an important marker for diagnosis of joint destruction. The present study concluded that female IL-1RN2 carriers appear to have a higher genotype frequency than controls. This is consistent with previous reports that stated that IL-1RN2 is associated with inflammation 21 and susceptibility to RA. 7, 8 However, other studies 5, 6 have suggested that the association of IL-1RN polymorphism with inflammatory diseases in various ethnic groups may be different.
TABLE 1: The polymerase chain reaction (PCR) amplification and restriction enzyme digestion of
rheumatoid arthritis
In conclusion, our data from the present study show that the IL-1β+3954 allele is associated with a significantly increased risk for RA in females in the Chinese population, and reveals an association between the three polymorphisms, susceptibility to RA and gender.
